We studied the spatial distribution of annelids in the intertidal zone of two beaches (Engenho d'Água and São Francisco) in São Sebastião Channel, southeastern Brazil, from August 1995 through July 1996. This region is commonly affected by oil spills and sewage waste. The substratum of the two beaches is composed of a mixture of sand and rock fragments. We established three levels (100 m 2 ) in the intertidal zone of each study site: lower, intermediate, and upper. In general, species richness increased from upper towards lower levels. The distribution of species at Engenho d'Água was more homogeneous than at São Francisco. Only some individual spatial patterns were recognised at São Francisco. The most abundant polychaete species at Engenho d'Água (Nematonereis hebes, Timarete filigera, and Scyphoproctus djiboutiensis) occurred in the intermediate and lower levels. The upper level of São Francisco was characterised by a peak of opportunists, with a large number of individuals but few dominant species (Capitella sp., Scolelepis squamata, Laeonereis acuta, and the oligochaete Tubifex sp).
INTRODUCTION
Different aspects of the spatial distribution of the macrofauna in the intertidal zone have been widely studied. Although several authors have attempted to establish a zonation pattern in beaches and tidal flats (e.g. Raffaelli et al., 1991) , the vertical gradient of the faunal distribution in beaches is poorly understood. The macrofauna spatial distribution pattern is more evident on hard substrates than in soft bottoms (Wilson, 1988) .
In dynamic environments, macrofauna communities are influenced by several biotic and abiotic processes (Rakocinski et al., 1993) such as larval recruitment, competition, predation, heterogeneity of resources, and sediment characteristics (Thrush et al., 1989) . According to Allen and Moore (1987) , the patterns of faunal distribution are determined by the degree of immersion, wave energy, and biological control. However, in the view of most authors it is unlikely that a single factor explains the patterns of distribution, since a species can occupy morphologically distinct habitats. Several studies have focused on animal-sediment interaction. For instance, Snelgrove and Butman (1994) believed that infauna distribution depends on characteristics of the sediment. Thrush et al. (1989) studied the influence of predators (rays) on the patterns of spatial distribution of communities in the subtidal. Wilson (1988) established a zonation pattern based on interspecific competition in the Bay of Fundy, Nova Scotia. Wendt and McLachlan (1985) Spatial distribution of annelids in the intertidal zone in São Sebastião Channel, Brazil* intertidal zone of River Syndays Beach according to moisture (0-26%), and each region was characterised by a distinct group of species. Dauer and Conner (1980) compared polychaete spatial distribution in two similar habitats affected by organic enrichment, where as the distance from the pollution source increased, the species composition of the communities in those areas changed. Few studies on the spatial distribution of benthic macrofauna of sandy beaches have been carried out in southern and southeastern Brazil. Omena and Amaral (1997) studied the spatial distribution of polychaetes on five beaches with distinct morphological and textural characteristics, Denadai and Amaral (1999) examined the distribution of the molluscan fauna in the intertidal zone, and Souza and Gianuca (1995) compared zonation patterns observed in Brazilian beaches to the models proposed by Dahl (1952) and Salvat (1964) .
This study compared the distribution of polychaetes in the intertidal zone of two beaches in São Sebastião Channel, State of São Paulo, southeastern Brazil, and focused on the morphodynamic characteristics at each site and the variety and abundance of annelids.
MATERIAL AND METHODS
The beaches of Engenho d'Água and São Francisco are in the northern part of São Sebastião Channel (between 45°21'W, 23°43'S and 45°27'30"W, 23°52'30"S). The channel is frequently affected by sewage discharge and constant oil spills caused by activities in São Sebastião harbour. According to CETESB (1999) , the number of faecal coliform bacteria showed that most beaches in São Sebastião Channel were unsuitable for bathing almost yearround over the past decade.
The study sites differ from the other beaches of the channel because their sediment is composed of sand and rocky fragments of different sizes (Rizzo and Amaral, 2000) .
At each beach, a 10-meter wide sector was established, its width varying according to the width of the intertidal zone. Based on the degree of moisture, each sector was subdivided into three levels: 1) 'lower level' near the low tide, wettest; 2) 'intermediate level'; and 3) 'upper level' near the high tide, driest. Five randomized samples were taken monthly in a 100 m 2 area within each level, using a cylindrical sampler (0.01 m 2 x 0.02 m), and totalling 15 samples per sector. In total area, 1.8 m 2 were sampled throughout the study period (August 1995 through July 1996 . The environmental variables were characterised by monthly measurements of the sediment temperature and salinity of the interstitial water (three samples/level), and seasonal measurements of slope profile, granulometry, calcium carbonate, and organic matter of the sediment (three samples/level). The sediment samples used for analyses of organic matter content (%) were taken from the surface, at 10 cm, and 10-20 cm deep. Analysis of calcium carbonate and organic matter followed Amoureux (1966) , and granulometric analysis followed Suguio (1973) . A portable Goldberg T/C refractometer, model 10419, provided data on salinity of interstitial water. Two water samples in each sector were collected in the summer and sent to CETESB (Companhia de Tecnologia e Saneamento Ambiental) for analysis of faecal coliform bacteria.
The samples were washed with seawater over two sieves of 1.0 and 0.5 mm mesh, selective for the macrofauna. The organisms were anaesthetised with magnesium chloride (10%), fixed in 4% formalin, and preserved in 70% alcohol. Whenever possible, the polychaetes were identified to species level. For additional details of the methodology see Rizzo and Amaral (2000) .
Data on species composition and abiotic variables were analysed by factorial variance. Data on species were not significantly different. For each level, density (number of individuals/ 0.6 m 2 ), species richness (number of species), evenness index (E=H/Hmax), and Shannon-Wiener diversity index (H') (Krebs, 1986) were calculated. To check the similarity of composition of species among the levels within a sector and between the 2 sectors, Jaccard's index of similarity (S), was used: S = a/(a+b+c) where a = number of species common to both samples, b = number of species in sample 1, and c = number of species in sample 2. The Jaccard index ranges from 0 (no similarity) to 1 (complete similarity) (Valentin, 1995) . For cluster analysis, Ward's Euclidean distance method was used, with non-transformed data; this method allows graphical observation of the similarity among the levels regarding abiotic variables and species composition. The Principal Component Analysis (PCA) was constructed according to the mean of the main abiotic parameters and number of individuals of the most frequent and/or abundant species in the 3 levels, or in at least one sector.
RESULTS

Environmental variables
According to the classification proposed by McLachlan (1980) , both beaches are considered protected within the São Sebastião Channel, and their intertidal slope is slight (Fig. 1) . The maximum and minimum values, as well as the mean and standard deviation of the parameters analyzed are shown in Table 1 . The sediment of the intermediate and upper levels of Engenho d'Água Beach and the upper level of São Francisco Beach was composed of fine, coarse, and very coarse sand. At the other levels, the sediment varied from medium to very coarse sand besides rocky fragments. During most of the year, the sediment in Engenho d'Água was composed predominantly of medium to coarse sand. At São Francisco, the sediment was mainly coarse to very coarse.
Selection coefficients were higher in the intermediate and upper levels at São Francisco, and the lowest value was in the lower level of Engenho d'Água. This indicates that the sediment was poorly sorted; and the mean and standard deviation of the selection coefficient indicated homogeneity among the levels. Small quantities of calcium carbonate were found in Engenho d'Água. At São Francisco, calcium carbonate quantities were moderate, with the highest mean value. The standard deviations were proportional to the mean in both sectors. Calcium carbonate values were highest in the intermediate level of São Francisco and lowest in the upper level of Engenho d'Água. The mean organic matter content was similar between the sectors, but the range of variation in the São Francisco sector was higher, with wide standard deviations in three levels. In general, the organic matter content was higher in the first-ten centimeters from the surface, with the values decreasing from the upper towards the lower level, except for the intermediate level of Engenho d'Água.
Salinity was the only variable that differed significantly among levels (F = 0.0007; p < 0.001). The estimated number of faecal coliform bacteria at São Francisco Beach was high and close to the limit considered safe for bathing (1000/100 ml). The water at Engenho d'Água Beach was considered appropriate for bathing.
Spatial distribution of species
A total of 923 annelids was collected at Engenho d'Água, and 1946 at São Francisco ( Table 2 ). The majority of the individuals was found in the upper level of São Francisco (1456 ind/0.6 m 2 ). The smallest number was found in the lower level of São Francisco (229 ind/0.6 m 2 ), but this total included most of the species (N=41). Consequently, this level had the highest diversity (4.488 bits/ind.) and evenness (0.838). The lowest values of species richness (18), diversity (2.103 bits/ind.), and evenness (0.504) were found in the upper level of São Francisco. At Engenho d'Água, the distribution of species and numbers of individuals among levels were homogeneous; while at São Francisco, diversity increased and the number of individuals decreased from the upper towards the lower level.
Sixteen species were common to all levels of Engenho d'Água, and 13 to São Francisco. Seven species were common to all levels of both sectors: Glycinde multidens, Marphysa sebastiana, Naineris setosa, Timarete filigera, Capitella sp., Heteromastus filiformis, and Isolda pulchella. At Engenho d'Água the most abundant species in the lower level were Nematonereis hebes, Timarete filigera, and Scyphoproctus djiboutiensis. In the upper level, H. filiformis, T. filigera, and Owenia fusiformis were the most common; this last species was not found at São Francisco. At São Francisco, the most abundant species were Capitella sp., Scolelepis squamata, and Laeonereis acuta; Tubifex sp. were common, mainly in the upper level.
The highest similarity of species was observed between the intermediate and upper levels of Engenho d'Água (S=0.588), and in São Francisco between the intermediate and upper levels (S=0.448). Comparing the sectors, the highest similarity was 326 A.E. RIZZO and A.C.Z. AMARAL (Fig. 2) . Two groups of species were recognised: G2 represents the upper level of São Francisco, and G1 the remaining levels of both sectors (Fig. 3) . Table 3 ). In the PCA, the first two axes explained 65.8% of total variance (Fig. 4) . The Factor Loading of each component is shown in Table 3 . Axis 1 was positively and significantly related to Timarete filigera, and to salinity. Capitella sp., Scolelepis squamata, Capitomastus minimus, Laeonereis acuta, and the oligochaete Tubifex sp. were negatively displaced. On axis 2, the most important species in Engenho d'Água were positive: Nematonereis hebes and Scyphoproctus djiboutiensis. On the other hand, Glycinde multidens, and Heteromastus filiformis were negative with high factor loading. Mean grain size (MGS) is positive to both axes, calcium carbonate (CalcC), and selection coefficient (SC) are negative to both axes, but they had low factor loading.
DISCUSSION
Engenho d'Água and São Francisco Beaches differ from other beaches of the São Sebastião Channel, mainly because the sediment is composed of sand and rocky fragments, allowing the existence of several microhabitats and intensive use by animal species. Moreover, São Francisco is impacted by organic enrichment from sewage, which flows directly onto the beach at the sampling sector, the uppermost level being most affected.
Generally, the number of species increased from the upper towards the lower levels. This pattern was also observed in the estuarine system of Santos in southeastern Brazil (Corbisier, 1991) , in the midand subtidal zones of Perdido Key, Florida (Rakocinski et al., 1993) , and at a sandy beach in southern Brazil (Souza and Gianuca, 1995) . Wendt and McLachlan (1985) believed that the area adjacent to the subtidal is more stable and there are more niches available, because dessication and temperature variation are less, and feeding activity lasts longer. During low tide, when the upper parts of the beach are exposed, evaporation is more rapid in organisms that do not have a protective cuticle like that of the crustaceans, and the basic physiological necessities are reduced. The distribution of organisms in intertidal communities of rocky coasts is regulated by physiological factors in the upper limits, and by biological interactions in the lower limits (Wilson, 1988) . The distribution of the intertidal macrofauna in sandy beaches is not so clearly defined (Wendt and McLachlan, 1985) . Physical and biological interactions might act as regulators in soft bottoms, when other factors such as hydrodynamics and abiotic and human influences are considered. Dahl (1952) and Salvat (1964) proposed the first zonation models for sandy beaches, which are commonly used in comparative studies of spatial distribution of the macrofauna. These proposals considered the degree of moisture, to distinguish the communities that are typical of non-disturbed sandy beaches. In disturbed areas, such as beaches affected by organic enrichment, the degree of impact on each sampling site was broadly considered.
Based on studies of macrobenthic sucession, Pearson and Rosenberg (1978) established three zones, depending on the degree of organic pollution: a) 'peak of opportunists', where there are few species but large numbers of individuals; b) 'ecotone point', where the abundance is low and the number of species tends to increase; and c) 'transition zone', where the population first shows strong fluctuations and subsequent stability, becoming a 'stable community'. The zonation caused by organic enrichment can be used as a parameter in both spatial and temporal gradients.
In the São Francisco sector, there was a peak of opportunists in the upper level, characterised by high densities of Capitella sp., Scolelepis squamata, Laeonereis acuta, and Tubifex sp., which together represented 92.5% of the total individuals. These species showed large seasonal fluctuations, being well represented between summer and winter, and decreasing in Oct/95 (spring), when the highest diversity and evenness were observed (Rizzo and Amaral, 2000) . This zone corresponds to the highest part of the intertidal described in Dahl (1952) and to the retention zone of Salvat (1964) . The intermediate level in São Francisco would be the ecotone point, with 261 ind/0.6 m 2 , 24 species, moderate to high diversity (H'=3.665 bits/ind), and characterised by species belonging to both upper and lower levels. It corresponds to the central part of the intertidal of Dahl (1952) and to the retention and beginning of the upwelling zone of Salvat (1964) . The lower level is equivalent to the upwelling zone, with fewer individuals (229 ind/0.6 m 2 ), a high number of species (N = 41), high diversity (H' = 4.488 bits/ind), and high evenness (E = 0.838). This pattern is similar to that found in communities of natural areas, as at Engenho d'Água Beach.
At Engenho d'Água Beach, zonation was not evident because the species were more evenly distributed, and only a few isolated patterns could be distinguished. It is difficult to recognise any zonation pattern, as there is no moisture gradient, because the shallow slope and sediment favour the formation of tidal pools that contribute to local homogeneity. Amaral et al. (1995) studied the polychaetes in several beaches along the São Sebastião Channel, including Engenho d'Água Beach, and observed that individuals were uniformly distributed among species. These authors verified that a large number of species was found in the upper level of Engenho d 'Água, (N = 23) , characterised by the presence of Owenia fusiformis, Scolelepis squamata, and Timarete tentaculata; O. fusiformis was the single most dominant and frequent species (63%) between May and September, 1990 (Amaral et al., 1995) . In our study, it occurred in all levels of Engenho d'Água, mainly the upper level; but no individuals were collected in São Francisco. It reached high density (9136 ind/0.05 m 2 ) in the Seine Bay (English Channel), in fine to heterogeneous mud-sand sediments (Dauvin and Gillet, 1991) . On the other hand, Timarete filigera was abundant in all levels of Engenho d'Água and the intermediate and lower level of São Francisco. Cirriformia tentaculata was found in all levels of Perequê and Engenho d'Água beaches, and over 50% of the individuals were in the lower level, especially in coarse sediment (Amaral et al., 1995) .
According to Denadai and Amaral (1999) , zonation of the molluscan fauna was evident in São Francisco, whereas its distribution in Engenho d'Água was homogeneous. In the upper level of São Francisco, there were only four species of molluscs and few individuals (21 ind/6.36 m 2 ), in contrast to the pattern found for annelids. This might have been caused by the lower resistance of molluscs to waste input (Denadai and Amaral, 1999) .
The similarity index isolated the upper level of São Francisco from the others (Fig. 3) . This isolation resulted from the presence of a few species with a high number of individuals, and wide variations of the abiotic factors. Granulometric data showed that cyclic alterations occurred in the summer, when heavy rain and strong waves affected the beaches (Rizzo and Amaral, 2000) . The lower level of São Francisco had the highest specific diversity and evenness. The homogeneity among the levels of Engenho d'Água resulted from the large number of species in common, and the low species density. Naineris setosa and Timarete filigera were positive on PCA Axis 1 (Fig. 4, Table 3 ) and had higher densities in the lower and intermediate levels of Engenho d'Água (Table 2) , where the salinity was higher and the sediment was composed of coarse sand. Sediments composed of large quantities of medium to coarse sand and high salinity usually shelter high numbers of species, but low abundances of polychaetes (Pardal et al., 1993) .
Wide variations in salinity, the size of sediment particles, or other limiting factors associated with organic enrichment change the pattern of species distribution (Pearson and Rosenberg, 1978) . The opportunistic species (Capitella sp., Capitomastus minimus, Laeonereis acuta, Scolelepis squamata, and Tubifex sp.) are found in poorly selected sediments with a low percentage of calcium carbonate and wide salinity and organic matter variation. Therefore, PCA Axis 1 summarised the strong effect of waste input on the distribution of species in the intertidal zone. PCA Axis 2 was formed by the positive contribution of two species that are very important in the lower level of Engenho d'Água: Scyphoproctus djiboutiensis and Nematonereis hebes. The occurrence of the former and the permanence of the latter in Engenho d'Água seemed to be related to the wide variety of habitats and the local hydrodynamics. Scyphoproctus djiboutiensis was present in considerable numbers in the lower level of Engenho d'Água and had never before been reported from the Brazilian coast, probably because it was mistaken for a species of Notomastus. Nematonereis hebes was distributed widely in all levels of Engenho d'Água, according to the results obtained by Amaral et al. (1995) . The species Glycinde multidens, Heteromastus filiformis, Isolda pulchella, and Marphysa sebastiana were also significant, and fell in the intermediate portion of the factorial plan. In both sectors, these species had moderate numbers of individuals in all levels, and the most frequent species were not always the most abundant; this pattern was also observed by Amaral et al. (1995) . In the central part, mean grain diameter, calcium carbonate, and organic matter probably were not greatly important in structuring the community, because these factors explained less than 50% of the variation. Dissolved organic matter was not always well quantified by the method employed: it is an important variable in species zonation (Snelgrove and Butman, 1994) , but is difficult to measure. However, the occurrence of certain species, indicators of organic pollution, along beaches of the northern coast of the State of São Paulo (Amaral et al., 1998) , associated with the faecal coliform bacteria data for São Sebastião Channel beaches (CETESB, 1999) , reflected the presence of organic enrichment in sediments of some beaches of the region, including the São Francisco sector.
The high density of one or more species might be related to increased recruitment and fecundity and/or reduction of mortality, but food availability may affect all these factors (Dauer and Conner, 1980) . Whereas stable hydrodynamic conditions might guarantee the establishment of a species in an area, human interference (e.g., organic waste input, oil spills, chemical substances) and natural variables (e.g., seasonality, rainfall) can result in increases or decreases in numbers of species and individuals.
